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ABSTRACT
The	use	of	medicinal	plants	to	improve	health	is	an	ancient	practice	and	in	recent	years	it	has	been	observed	an	
increasing	interest	of	scientific	researchers	for	the	study	of	plants	with	biological	properties	and	active	principles	
responsible	for	their	therapeutic	effects. Salvia officinalis L.	is	considered	the	queen	of	herbs	and	belongs	to	the	
Lamiaceae	(Labiatae)	family.	Due	to	the	increasing	interest	in	plants	health	benefits,	the	aim	of	the	present	study	
was	 to	characterize	various	extracts	of	Romanian	sage	regarding	 their	content	 in	compounds	with	antioxidant	
activity.	Three	different	techniques	and	five	solvents	were	used	for	extraction	of	bioactive	compounds	from	Salvia 
officinalis L.	The	 total	phenolic	content	and	 the	antioxidant	activity	of	plant	extract	were	determined	by	Folin-
Ciocalteu	method	 and	 respectively	 by	 the	 2,2-diphenyl-1-picrylhydrazyl	 (DPPH)	 free	 radical	 scavenging	 assay.	
Methanolic	extract	exhibited	the	highest	content	in	phenolic	compound	(1974.89	mg	GAE/100g	dw)	as	well	ass	
the	strongest	antioxidant	capacity	(85.12%).
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INTRODUCTION
Plenty	of	aromatic,	medicinal	and	other	herbs	
which	 contain	 biological	 active	 compounds	 are	
widely	used	in	food	and	cosmetic	industries,	drug	
production,	 or	 as	 pre	cursors	 in	 the	 synthesis	 of	
new	 products	 with	 specific	 bio	active	 properties.	
Spices	 and	 their	 alcoholic	 extracts	 belong	 to	 the	
most	studied	vegetal	species	because	of	their	high	
antioxidant	activity.	In	recent	years,	spice	extracts	
have	appeared	on	the	market	as	antioxidants	 for	
food	industry	use	(Pizzale	et al.,	2002).
Total	 phenolic	 content,	 antioxidant	 activity	
and	antimicrobial	activity	of	herbal	extracts	are	of	
particular	interest	to	food	industry	which	is	looking	
for	 plant	 extracts	 with	 significant	 antimicrobial	
activity	to	be	used	as	alternatives	to	conventional	
food	preservatives	(Skotti	et al.,	2014).	Regarding	
these	 beneficial	 effects	 and	 properties	 of	 plant,	
phenolics	 interest	 is	 considerably	 increasing	 in	
finding	 naturally	 occurring	 antioxidants	 from	
botanical	 sources,	 to	be	use	 in	 the	 food	 industry	
and	 in	preventive	medicine	 (to	 replace	 synthetic	
antioxidants	that	are	being	restricted	due	to	their	
possible	toxicity	and	carcinogenicity).	(Bettaieb	et 
al.,	2011).
Sage	(Salvia officinalis L.)	is	a	common	herbal	
plant	 widely	 cultivated	 in	 various	 parts	 of	 the	
world,	but	it	is	native	to	the	Mediterranean	region.	
It	 is	an	aromatic	herb	 that	 is	used	extensively	 to	
add	 a	 distinctive	 aroma	 and	 flavor	 to	 food.	 Its	
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leaves contain essential oils and tannins that can 
help	facilitate	digestion	with	anticonvulsant,	anti-
fever,	 antiseptic	 and	 anti-diabetic	 effect.	Modern	
evidence	shows	possible	uses	as	an	anti	sweating,	
antibiotic,	 antifungal,	 astringent,	 antispasmodic,	
estrogenic,	 hypoglycemic	 and	 tonic	 agent.	 This	
plant	 is	 also	 used	 for	 the	 treatment	 of	 gout,	
chronic	 rheumatism,	 dizziness	 and	 headache.	
Investigations	 have	 been	 performed	 to	 use	
sage	 as	 a	 medication	 for	 Alzheimer’s	 disease	
(Amirmohammadi	et al.,	2014).			Salvia officinalis extract and	 rosmarinic	 acid	 can	 be	 considered	
as	 a	 potential	 therapeutic	 agents	 for	 treating	
diseases	related	to	skin	pigmentation.	Rosmarinic	
acid	 is	 the	major	 phenol	 compound	 of	 sage	 and	
relevant	biological	activities	have	been	attributed	
to	 it	 (Oliveira	 et al.,	 2013).	 Recent	 findings	 also	
suggested	that	sage extract	attenuates	morphine-
induced	memory	impairment	(Gomar	et al.,	2014).
In	 the	 past	 few	 decades	 sage	 has	 been	 the	
subject	 of	 an	 intensive	 study	 for	 its	 phenolic	
content,	 especially	 due	 to	 strong	 antioxidant	
and	 antimicrobial	 properties	 of	 its	 extracts.	
Sage	 polyphenols	 comprise	 a	 great	 diversity	 of	
structures,	ranging	from	rather	simple	molecules	
to	complex	polymers	among	which	flavonoids	and	
phenolic	acids	are	usually	distinguished	(Dragovic-
Uzelac	 et al.,	 2012).	 The	 leaves	 are	 reported	 to	
contain	 carnosolic	 acid,	 flavonoids	 including	
salvigenin,	genkwanin,	hispidulin,	luteolin	and	its	
derivatives;	 phenolic	 acids	 including	 rosmarinic,	
caffeic,	labiatic	(Shamnas	et al.,	2014).
Extraction	is	an	important	step	involved	in	the	
discovery	of	bioactive	components	from	medicinal	
plants	and	different	extraction	methods	have	been	
used	 to	 extract	 polyphenolic	 compounds	 from	plant materials	 (Murugan	 and Parimelazhagan,	
2014).
Some	extraction	techniques,	such	as	hydrodi-
stillation,	 maceration,	 Soxhlet	 extraction,	 ultra-
sonic	extraction,	percolation,	are	widely	used	for	
obtaining	 extractable	 substances	 from	 different	
parts	 of	 a	 number	 of	 plants. Some	 specific	
applications	 require	 more	 sophisticated	 and	
costly	 extraction	 techniques	 using	 specialized	
equipment	 such	 as	 supercritical-fluid	 extraction	
(Balouiri	et al.,	2014).
For	 the	extraction	of	polyphenols	 from	plant	
material	different	solvent	systems	have	been	used,	
extraction	 yield	 being	 dependent	 on	 the	 solvent	
and	the	method	of	extraction.	Water	and	aqueous	
mixtures	of	ethanol	and	methanol	are	commonly	
used	in	plant	extraction.	Roby	et al.,	2013	reported	
that	methanol	was	the	best	solvent	for	extracting	
phenolic	compounds,	followed	by	ethanol,	diethyl	
ether	and	hexane	from	thyme,	sage	and	marjoram.	
In	another	work,	aqueous	ethanol	was	found	to	be	
a	better	 solvent,	 for	extracting	sage	polyphenols,	
than	 methanol.	 In	 addition,	 the	 contents	 of	
phenols	and	flavonoids	as	well	as	the	antioxidant	
activity	were	 greater	 in	 the	 extracts	 obtained	by	
maceration	 than	 those	 obtained	 by	 sonication	
(Veličković	et	al.,	2011).
In	 the	 present	 study	 several	 extraction	
techniques	 (maceration,	 hot	 extraction	 and	
sonication)	and	five	extracting	solvents	of	different	
polarity	(S1-	methanol,	S2	-	ethanol,	S3	-	aqueous	
methanol	 (80%	v/v),	S4	 -	diethyl	ether	and	S5	–	
hexane)	were	used	in	order	to	assess	their	effiency	
in	 extracting	 the	 bioactive	 compounds	 from	 the	leaves of Salvia officinalis L.
MATERIALS AND METHODS
Plant material
The	plant	material	(aerial	parts)	was	collected	
at	 the	 vegetative	 stage	 	 (23	 March	 2015)	 from	
the	 green-house	 of	 Phytotechny	 Department	 of	
UASVM.	The	leaves	were	air-dried,	 in	a	cool	dark	
place.	Then,	they	were	packed	in	paper	bags	and	
kept	 in	 a	 dark,	 dry	 and	 cool	 place	until	 analysis.	
Before	use,	dry	leaves	were	crushed	using	a	house	
blender.
Preparation of Extracts
Maceration
A	ground	dried	sample	of	0.5	g	was	weighted	
and	then	15	ml	of	solvents	with	varying	polarities	
(methanol,	 aqueous	 methanol,	 ethanol,	 diethyl	
ether	and	hexane)	were	added	to	the	plant	samples.	
Maceration	was	carried	out	at	room	temperature	
for	 14	 days,	 under	 continuous	 agitation.	 After	
filtration	 and	 washing	 the	 final	 volume	 was	
adjusted	to	25	ml	(Soran	et al.,	2009).
Sonication
Extraction	 was	 carried	 out	 in	 an	 Bandelin	
Sonorex	 ultrasonic	 bath	 (RK100H,	 Berlin,	
Germany).	Flasks	containing	0.5	g	of	air-dried	and	
crushed	plant	material	and	10	ml	of	solvent	(S1-
S5)	were	immersed	in	the	ultrasonic	bath.	After	15	
min	 of	 sonication	 the	 extract	was	 separated	 and	
the	 sample	was	 once	 again	 subjected	 to	 another	
15	min	of	sonication	with	10	ml	solvent	 (S1-S5).	
Evaluation	of	Antioxidant	Activity	and	Phenolic	Content	in	Different Salvia officinalis	L.	Extracts
212
 Bulletin UASVM Food Science and Technology 72(2) / 2015
The	 sample	 was	 finally	 filtered	 and	 the	 residue	
washed.	The	extracts	were	reunited	and	then	the	
final	volume	was	adjusted	 to	25	ml	 (Soran	et al.,	
2009).
Hot extraction
The	method	described	by	Danesi	et al.	2014,	
with	some	modifications	was	used.	An	amount	of	
40	mg	 freeze-dried	 powder	were	 extracted	with	
1ml	 of	 solvents	 (S1-S5)	 and	 homogenized.	 The	
homogenates	 were	 incubated	 for	 20	 minutes	 at	
50°C	in	a	Thermoblock	TB2.		After	cooling	at	room	
temperature,	 the	extract	was	centrifuged	using	a	
Hettich	 centrifuge	 (EBA20,	 Tuttlingen	 Germany)	
for	10	min	and	the	supernatant	was	collected.
Total phenolic content
The	 total	 phenolic	 content	 was	 determined	
using	the	modified	Folin-Ciocalteau	assay	(Socaci	
et al.,	2013).	Briefly,	0.1	ml	of	extract	was	mixed	
with	6	ml	distilled	water	and	0.5	ml	Folin-Ciocalteu	
reagent.	After	4	min,	1.5	ml	Na
2
CO
3
	solution	(7.5%)	
was	added	and	the	sample	was	brought	to	a	final	
volume	of	10	ml	with	distilled	water.	The	incubation	
was	carried	out	at	room	temperature,	in	the	dark,	
for	2	h	and	the	absorbance	was	measured	at	750	
nm	using	 a	 Shimadzu	UV-VIS	 spectrophotometer	
(UV-1700	 PharmaSpec,	 Shimadzu	 Scientific	
Instruments,	 Kyoto,	 Japan).	 Standard	 curve	 was	
prepared	 by	 using	 different	 concentrations	 of	
gallic	 acid.	Total	phenolic	 content	was	expressed	
as	mg	 gallic	 acid/g	 dry	weight	 (mg	 GAE/g	 DW).	
Analyses	were	performed	in	triplicate.
Antioxidant activity
The	antioxidant	 capacity	was	assessed	using	
the	DPPH	free	radical	scavenging	assay	according	
to	Odriozola-Serrano	et al.,	2008.	DPPH	is	the	most	
easy,	 simple	 and	 reasonably	 costly	 method	 and	
hence	it	may	be	the	most	commonly	used	method	
for	 the	evaluation	of	 the	antioxidant	activity	of	a	
sample	(Alam	et al.,	2013).
A	volume	of	10	μl	of	sample	was	mixed	with	
90	 μl	 of	 distilled	 water	 and	 3.9	 ml	 methanolic	
DPPH	 solution.	 After	 30	 minutes	 of	 incubation	
in	 darkness,	 the	 absorbance	 of	 each	 sample	was	
measured	at	515	nm	against	a	blank	of	methanol	
using	 a	 Shimadzu	 UV-VIS	 spectrophotometer	
(UV-1700	 PharmaSpec,	 Shimadzu	 Scientific	
Instruments,	 Kyoto,	 Japan).	 Negative	 control	
sample	was	prepared	using	10	μl	methanol,	90	μl	
distilled	water	and	3.9	ml	DPPH	solution.	Positive	
control	 sample	 was	 prepared	 using	 10	 μl	 gallic	
acid	aqueous	solution	(0.5	mg/ml),	90	μl	distilled	
water	and	3.9	ml	DPPH	solution	in	methanol	and	
was	used	as	standard	antioxidant.	The	percentage	
of	DPPH	radical	scavenging	capacity	of	each	plant	
extract	was	calculated	using	the	Eq.	(1):
%	 RSA	 (Radical	 scavenging	 activity)	 =	
	*	100																								
(1)												
where:
Abs
DPPH
	 is	 the	 absorbance	 of	 DPPH	 free	 radical	
solution	in	methanol;
Abssample	 is	 the	 absorbance	 of	 DPPH	 free	 radical	
solution	mixed	with	sample/standard. 
RESULTS AND DISCUSSION
Depending	 on	 the	 extraction	 method,	 the	
amount	of	total	phenolics	varied	between	1930.58	
-	 1974.89	 mg	 GAE/100	 g	 for	 the	 methanolic	
extract,	between	1919.78	-	1967.74	mg	GAE/100	g	
for	the	80%	methanolic	extracts,	between	1891.01	
-	1949.61	mg	GAE/100	g	for	the		ethanolic	extracts,	
between	 1399.71	 -	 1549.28	 mg	 GAE/100	 g	 for	
the	 diethyl	 ether	 extracts	 and	 between	 1170.43	
-	1306.52	mg	GAE/100	g	 for	 the	hexane	extracts	
(Table	1).	Results	showed	that	methanol	was	the	
best	 solvent	 for	 extracting	 phenolic	 compounds	
and	 the	 maceration	 was	 the	 most	 effective	
extraction	 method.	 The	 lower	 polarity	 solvents,	
particularly	 diethyl	 ether	 and	 hexane	 showed	
much	 lower	 ability	 in	 extracting	 the	 phenolic	compounds as compared to the polar solvents. 
Thus,	 the	 lowest	 total	 polyphenolic	 content	
was	 obtained	 for	 hexane	 extracts,	 1306.52	 mg	
GAE/100g	for	the	extract	obtained	by	maceration,	
1249.72	 mg	 GAE/100g	 for	 the	 extract	 obtained	
by	sonication	and	1170.43	mg	GAE/100g	 for	 the	
extract	obtained	by	hot	extraction.  
The	 ranking	 of	 antioxidant	 activity	 values	 of	
plant	extracts	was	found	to	be	the	same	with	the	
ranking	of	values	of	the	total	phenolic	content	for	
the	same	plant	extracts	(Table	1).	The	methanolic	
extract	 obtained	 by	maceration	 had	 the	 greatest	
antioxidant	 activity	 (85.12%)	 followed	 by	 those	
obtained	by	sonication	(80%)	and	hot	extraction	
(78.32%).	 Hexane	 extract	 obtained	 by	 hot	
POP et al.
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extraction	exhibited	the	weakest	activity	(55.89%).	
The	 negative	 control	 registered	 a	 2.94±0.10%	
RSA	value	and	the	positive	control	87.38±0.47%.	
The	higher	 antioxidant	 activity	 presented	by	 the	
methanolic	 extract	 could	 be	 related	 to	 higher	
levels	 of	 specific	 phenolic	 compounds,	 such	 as	
caffeic	 acid,	 luteolin-7-O-glucoside,	 apigenin	
acetylglucoside	 and	 hispidulin.	 Furthermore,	
other	molecules	besides	phenolic	compounds	are	
present	 in	 another	 extracts	 studied	 and	 might	
exert	some	antagonistic	effects	in	the	antioxidant	
activity	(Martins	et al.,	2015).
Thus,	 it	 could	be	 concluded	 from	 the	 results	
shown	in	the	Table	1	that	the	higher	polar	solvents	
were	 more	 efficient	 in	 extracting	 phenolic	
compounds	from	sage	than	the	less	polar	ones.	Our	
results	are	in	agreement	with	other	studies	which	
found	 that	 methanolic	 extracts	 of	 S.	 officinalis 
provide	 the	 most	 significant	 bioactivities,	 which	
are	positively	related	to	their	phenolic	composition	
(Balouiri	et al.,	2014;	Roby	et al.,	2013).	
Concerning	 the	 extraction	 method,	 all	
methanolic	extracts	obtained	by	maceration		had	
a	 greater	 content	 of	 phenolic	 compound	 and	 a	
higher	 antioxidant	 activity	 than	 other	 extracts	
obtained	 by	 sonication	 and	 hot	 extraction.	 This	
can	be	explained	by	the	use	of	high	temperatures	
that	may	cause	a	loss	of	bioactive	compounds	and	
a	 degradation	 of	 a	 part	 of	 these	 compounds	 by	
interaction	with	highly	reactive	hydroxyl	radicals	
formed	 during	 sonication	 (Quiroz-Reyes	 et al.,	
2013;	Veličković	et al.,	2011). 
CONCLUSION
Antioxidant	 activity	 as	 well	 as	 total	 phenols	content of Salvia officinalis L.	 extracts	 obtained	
by	 different	 extraction	 method	 and	 solvents	
were	 studied.	 Methanolic	 extract	 obtained	 by	
maceration	 exhibited	 the	 highest	 extraction	
ability	 for	 phenolic	 compound	 and	 presented	
higher	 antioxidant	 capacity.	 This	 allowed	 us	 to	conclude that maceration is an effective method 
and	 methanol	 was	 found	 to	 be	 a	 better	 solvent	for the extraction of phenolic compounds from 
sage.	 Therefore,	 methanolic	 extracts	 of	 sage	
can	 be	 considered	 as	 a	 good	 source	 of	 natural	antioxidants.
REFERENCES
1.	 Alam	MN,	Bristi	NJ,	Rafiquzzaman	M	(2013).	Review	on	in vivo and in vitro methods evaluation of antioxidant 
activity.	Saudi	Pharmaceutical	Journal	21:143–152.
2.	 Amirmohammadi	M,	 Khajoenia	 S,	 Bahmani	M,	 Rafieian-
Kopaei	M,	Eftekhari	Z,	Qorbani	M	(2014).	In vivo evaluation of antiparasitic effects of Artemisia abrotanum and Salvia 
officinalis extracts on Syphacia obvelata,	 Aspiculoris 
tetrapetra and Hymenolepis nana	 parasites.	 Asian	 Pac	 J	
Trop	Dis	4(1):	250-254.
3.	 Balouiri	 M,	 Sadiki	 M,	 Ouedrhiri	 W,	 Farah	 A,	 El	 Abed	 S,	
Koraichi	SI	(2014).		Antibacterial	activity	of	extracts	from	
Salvia officinalis and Rosmarinus officinalis obtained	 by	
Tab.1.	The	content	of	total	phenols	and	antioxidant	activity	of	sage	extracts 
Solvent Extraction	methods Total	phenols	(mg	GAE/g) DPPH	(%)
Methanol
Maceration 1974.89±0.136 85.12±0.51
Sonication 1942.76±0.116 80.03±0.29
Hot	extraction 1930.58±0.159 78.32±0.42
Aqueos	methanol
Maceration 1967.74±0.142 80.68±0.40
Sonication 1928.91±0.273 76.58±0.33
Hot	extraction 1919.78±0.372 72.82±0.19
Ethanol
Maceration 1949.61±0.248 78.43±0.25
Sonication 1906.21±0.072 72.97±0.09
Hot	extraction 1891.01±0.372 70.83±0.18
Diethyl	ether
Maceration 1549.28±0.216 67.94±0.26
Sonication 1406.12±0.151 61.41±0.07
Hot	extraction 1399.71±0.051 60.04±0.14
Hexan
Maceration 1306.52±0.021 60.52±0.37
Sonication 1249.72±0.101 56.38±0.29
Hot	extraction 1170.43±0.241 55.89±0.07
214
 Bulletin UASVM Food Science and Technology 72(2) / 2015
sonication	and	maceration	methods.	 Int	 J	Pharm	Pharm	
Sci	6(2):167-170.
4.	 Bettaieb	 I,	 Hamrouni-Sellami	 I,	 Bourgou	 S,	 Limam	 F,	
Marzouk	 B	 (2011).	 Drought	 effects	 on	 polyphenol	composition and antioxidant activities in aerial parts of 
Salvia officinalis	L.	Acta	Physiol	Plant	33:1103–1111.
5.	 Danesi	 F,	 Kroon	 PA,	 Saha	 S,	 de	 Biase	 D,	 D’Antuono	 LF,	Bordoni A	 (2014).	Mixed	pro-	 and	anti-oxidative	 effects	
of	pomegranate	polyphenols	in	cultured	cells.	Int	J	Mol	Sci	
15(11):19458–19471.
6.	 Dragovic-Uzelać	V,	Garofulić	IE,	Jukić	M,	Penić	M,	Dent	M	
(2012).	 The	 influence	 of	 microwave-assisted	 extraction	
on	the	isolation	of	sage	(Salvia officinalis L.)	polyphenols.	
Food	Technol.	Biotechnol.	50(3):377–383.
7.	 Gomar	A,	Hosseini	A,	Mirazi	N	(2014).	Evaluation	of	Salvia 
officinalis L.	(sage)	leaves	on	morphine-induced	memory	
impairment	in	adult	male	rats.	Focus	on	Alternative	and	
Complementary	Therapies	19(3):156–162.
8.	 Martins	N,	Barros	L,	Santos-Buelgam	C,	Henriques	M,	Silva	
S,	Ferreira	ICFR	(2015).	Evaluation	of	bioactive	properties	and phenolic compounds in different extracts prepared from Salvia officinalis	L.	Food	Chemistry	170:378–385.
9.	 Murugan	 R,	 Parimelazhagan	 T	 (2014).	 Comparative	evaluation of different extraction methods for antioxidant 
and	 anti-inflammatory	 properties	 from	 Osbeckia 
parvifolia	Arn.	–	An	in vitro	approach.	Journal	of	King	Saud	
University	–	Science	26:267–275.
10.	Odrizola-Serrano	 I,	 Soliva-Fortuny	 R,	 Martin-Belloso	
O	 (2008).	 Effect	 of	 minimal	 processing	 on	 bioactive	
compounds	 and	 color	 attributes	 of	 fresh-cut	 tomatoes.	
LWT-Food	Science	and	Technology		41:217-226.
11.	Oliveira	KB,	Palú	E,	Weffort-Santos	AM,	Oliveira	BH	(2013).	
Influence	of	rosmarinic	acid	and	Salvia officinalis extracts 
on	melanogenesis	of	B16F10	cells.	Rev.	Bras.	Farmacogn.	
Braz.	J.	Pharmacogn	23(2):	249-258.
12.	Pizzale	 L,	 Bortolomeazzi	 R,	 Vichi	 S,	 Uberegger	 E,	 Conte	
LS	 (2002).	Antioxidant	activity	of	 sage	 (Salvia officinalis 
and	 S	 fruticosa)	 and	 oregano	 (Origanum onites and O 
indercedens)	extracts	related	to	their	phenolic	compound	
content.	J	Sci	Food	Agric	82:1645–1651.
13.	Quiroz-Reyes	 CN,	 Aguilar-Mendez	 MA,	 Ramirez-Ortız	
ME,	 Ronquillo-De	 Jesus	 E	 (2013).	 Comparative	 study	 of	
ultrasound	and	maceration	techniques	for	the	extraction	
of	polyphenols	 from	cocoa	beans	 (Theobroma cacao	 L.).	
Revista	Mexicana	de	Ingenierıa	Quimica	12(1):11-18.
14.	Roby	MHH,	 Sarhana	MA,	 Selima	KAH,	Khalel	 KI	 (2013).	
Evaluation	 of	 antioxidant	 activity,	 total	 phenols	 and	
phenolic	compounds	in	thyme	(Thymus vulgaris	L.),	sage	
(Salvia officinalis	L.),	and	marjoram	(Origanum majorana 
L.)	extracts.	Industrial	Crops	and	Products	43:827–	831.
15.	Shamnas	 M,	 Kumar	 R,	 Teotia	 UVS	 (2014).	 Antioxidant	
and	 anti-inflammatory	 activity	 of	 methanol	 extract	 of	
Salvia officinalis flowers.	American	Journal	of	PharmTech	
Research	4(2):166-175.
16.	Skotti	E,	Anastasaki	E,	Kanellou	G,	Polissiou	M,	Tarantilis	
PA	 (2014).	 Total	 phenolic	 content,	 antioxidant	 activity	
and	 toxicity	 of	 aqueous	 extracts	 from	 selected	 Greek	
medicinal	 and	 aromatic	 plants.	 Industrial	 Crops	 and	
Products	53:46–	54.
17.	Socaci	 SA,	 Socaciu	 C,	 Mureşan	 C,	 Fărcaş	 A,Tofană	 M,	
Vicaş	 S,	 Pintea	 A,	 (2013).	 Chemometric	 discrimination	
of	 different	 tomato	 cultivars	 based	 on	 their	 volatile	
fingerprint	 in	 relation	 to	 lycopene	 and	 total	 phenolics	
content.	Phytochem.	Anal.	25:161–169.
18.	Soran	 ML,	 Cobzac	 SC,	 Varodi	 C,	 Lung	 I,	 Surducan	 E,	
Surducan	V	(2009).	The	extraction	and	chromatographic	determination of the essentials oils from Ocimum 
basilicum L.	 by	 different	 techniques.	 Journal	 of	 Physics:	
Conference	Series	182.
19.	Veličković	 DT,	 Karabegović	 IT,	 Stojičević	 SS,	 Lazić	 ML,	
Marinković	 VD,	 Veljković	 VB	 (2011).	 Comparison	 of	
antioxidant	 and	 antimicrobial	 activities	 of	 extracts	
obtained	from	Salvia glutinosa L.	and	Salvia officinalis L.	
Hem.	Ind.	65(5):599–605.
POP et al.
